In order to seek an environmentally-friendly alternative to chemical fungicide, the aims of this paper were: 1) to assess the enzymatic and antifungal activity of free and microencapsulated enzymes (laminarinase and chitinase from Trichoderma sp.) and their mixtures against F. oxysporum in soil in the presence or absence of thiabendazole; 2) to analyze remarkable variants resulting from soil testing in ad planta assay with tomato crops (L. esculentum Mill) and the pathogen F. oxysporum. To evaluate the effect of applied treatments to the fungus, the quantity of colony forming units (CFU) was determined. Enzyme activities were measured spectrophotometrically using laminarin and of p-nitrophenyl-β-D-N-acetyl-glucosamide as laminarinase and chitinase substrates, respectively. An inhibiting effect to fungus growth (fungistatic effect) of both enzymes applied separately and together, as well as the treatment with liposomes only was demonstrated in vitro and ad planta assays. Enzyme application permitted a decreasing of chemical fungicide level and allowed the achievement of partial (90-98%) or total inhibition of fungus growth. Microencapsulation led to increase enzyme stability in the presence of thiabendazole. The growth of tomato plant was higher in the presence of applied treatments. The increase of fungistatic effect was revealed in the case of mixture of encapsulated enzymes and enzymes with thiabendazole. Encapsulation of chitinase and laminarinase in soya lecithin liposomes was useful to maintain enzymatic activity for the control of phytopathogenic fungus F. oxysporum. Thus, it confirmed the idea regarding the use of free or encapsulated (in soya lecithin liposome) mycolytic enzymes for the control of phytopathogen fungus growth in the presence and absence of chemical fungicide in vitro and ad planta assays.
INTRODUCTION
Tomato crops (Lycopersicon esculentum Mill.) are one of the important horticultural products in Mexico and worldwide economy. When grown under unheated greenhouse in monoculture conditions, occurrence of severe diseases is high. Among these, the corky root disease caused by Fusarium oxysporum is observed. This fungus is one of the most important pathogens of tomato plants and other vegetable crops in protected and field conditions (Dababat et al., 2008; Scheider et al., 2009) . The causal agent of fusarium wilt is soil borne pathogen which can persist many years in the soil without a host. Healthy plants can become infected by F. oxysporum if the soil in which they are growing is infested with the pathogen. The disease results in severe chlorosis, desiccation, defoliation, *Corresponding author. Email: anna_ilina@hotmail.com.
wilted leaves, and may lead to plants death. Many Fusarium species including F. oxysporum are producers of trichothecenes and zearalenona mycotoxins. Those mycotoxins are two of the four most important Fusarium mycotoxins classes due to their negative effects on humans. These remarkably diverse and adaptable ascomycete fungi have been found in soils ranging from tropical and temperate forests, to the Sonoran Desert, grasslands and soils of the tundra. F. oxysporum strains are ubiquitous soil inhabitants that have the ability to exist as saprophytes, and degrade lignin and complex carbohydrates associated with soil debris.
Tomato diseases are normally controlled by means of the selected fungicides, such as thiabendazole. Due to fungi adaptability and population diversity, the pathogen frequently overcomes all of currently used disease control strategies (Fravel et al., 2005; Podio et al., 2008) . The prolonged use of broad-spectrum fungicides (for example, chlorothalonil, carbendazim, thiabendazole, etc.) results in imbalances within the microbial community, creating unfavorable conditions for the activity of beneficial organisms that affects ozone layer, contaminates the environment (Fravel et al., 2005; Podio et al., 2008) . In addition, it must be applied every season due to its null residual activity and rapid re-colonization of soils by phytopathogens (Fravel et al., 2005) . As a result of poor disease control and excessive use of pesticides, research for disease management strategies was directed toward identifying alternative methods of the production control for tomato plants. New approaches have placed greater reliance on biological technologies that could be used effectively in integrated disease management programs (Fravel et al., 2005; Montealegre et al., 2009) .
Biological control of F. oxysporum on numerous crops by application of antagonistic fungi and bacteria has been accomplished during last two decades all over the world (Leeman et al., 1996; Dababat et al., 2008) . Antagonistic activity of biological control agents (for example Trichoderma sp.) towards phytopathogenesis is based on the secretion of extracellular hydrolytic enzymes, among them are exo-1, 3--D-glucosidase (-1,3-glucanase, laminarinase, EC 3.2.1.6) and -N-acetyl-D-glucosa minidase (chitinase, EC 3.2.1.14) Prapagdee et al., 2008) . Chitinases and laminarinases are able to lyse polysaccharides of mature hyphae, conidia, chlamydospores, and sclerotia of Rhizoctonia solani, Chaetomium globosum, Didymella bryoniae, Botrytis cinerea, Fusarium solani etc. (Velusamy and Kim, 2011) . Trichoderma sp. enzymes are substantially more antifungal than other purified enzymes from any other source, when assayed under the same conditions (Montealegre et al., 2009) . Furthermore, chitinases and laminarinases are nontoxic to plants at high concentrations Prapagdee et al., 2008) .
The application of mycolytic enzymes as antifungal treatment for protection of some commercially important crops may be promising. However, for enzyme, for application in situ it is necessary to protect the enzymes against environmental factors and increase their stability that can be achieved by means of immobilization (Estrella-Favret et al., 2008; Cano-Salazar et al., 2011) .
In our previous studies, immobilization of chitinase and laminarinase in phospholipid vesicles (liposomes) was assayed (Cano-Salazar et al., 2011) . We reported that chitinase and laminarinase clearly have an affinity for soya lecithin liposomes, however the transfer of laminarinase from water to liposomes is entropy driven process while chitinase transfer is enthalpy driven (Pérez-Molina et al., 2011; . While the stability and activity of chitinase and laminarinase immobilized in soya lecithin liposomes to inhibit the radial fungus growth in vitro testing have been disclosed in our previous reports (Cano-Salazar et al., 2011) , their antifungal properties and activity under soil conditions, as well as in the application to the infected plants are not yet well known.
Therefore, the need to asses these enzymatic systems as an environmentally-friendly alternative has been the goal of this work, in which the enzymatic and antifungal activity of free and microencapsulated enzymes and their mixtures against F. oxysporum in soil in presence and absence of thiabendazole were evaluated, followed by assessment of remarkable variants resulting from soil testing in ad planta assay with tomato crops (L. esculentum Mill) and the pathogen F. oxysporum.
MATERIALS AND METHODS
Soya lecithin was provided by PROQLIMS S.A. de C.V. (Saltillo, Coah., Mexico) as a commercially available product, which contained: 33.0% of phosphatidylcholine (also called "pure" or "chemical" lecithin to distinguish it from the natural mixture), 14.1% of phosphatidylethanolamine (popularly called "cephalin"), 16.8% of phosphatidylinositols (also called "inositol phosphatides") as well as 0.4% of phosphatidylserine (Beare-Rogers et al., 1992) . All used salts in this study also were of analytical grades and purchased from Jalmek (Guadalajara, Jalisco, Mexico). Chitinase (Sigma Cat. No. C8241), laminarinase (Sigma Cat. No. L5272) from Trichoderma sp. and their substrates were purchased from Sigma Chemical Company (Saint Louis, USA). Thiabendazole was purchased from Quimica Alkano (Mexico, Mexico).
Liposomes preparation
Liposomes were prepared by a method previously reported by Bangham (1993) . Thin films of soya lecithin were formed on the walls of 2 L round-bottomed flasks followed by evaporation of 1 ml aliquot of methanol solution. Then, flasks were placed into an oven at 50°C for 24 h. Formed phospholipid films were dispersed in 5 ml of enzyme solution (5, 10 and 20 µg ml -1 ) in 0.1 M sodium acetate buffer, at pH 5.4, or in the same buffer without enzyme at 4°C, and vortex-mixed until all the film was removed from the walls of these flasks. The mixtures were incubated for 24 h at the same temperature before being used in assays. The characteristics of microencapsulation process and liposomes were reported in our previous studies (Cano-Salazar et al., 2011; Pérez-Molina et al., 2011; . The assays were performed using free and microencapsulated enzymes applied separately at 5, 10 and 20 µg ml -1 , in mixture at two different concentrations (5 or 10 µg ml -1 ) and in the presence of thiabendazole at 6 µg ml -1 . The chemical fungicide concentration (6 µg ml -1 ) was chosen based on the data obtained from in vitro testing (Joublanc et al., 2010; Cano-Salazar et al., 2011) as 4 times less than necessary for total radial growth inhibition of F. oxysporum in PDA.
The soil applied in all experiments contained 7.9±0.6 g kg -1 of nitrogen, 488±1 g kg -1 of carbon, 977±9 g kg -1 of soil organic matter expressed on a dry basis at pH 6.4. These properties were determined by standard methods (Ben-Dor and Banin, 1989) in the Laboratory of Soil Research of the Universidad Autónoma Agraria Antonio Narro (UAAAN). 1 g of soil was added at each test tube (18 x 150 mm) and sterilized in autoclave at 120°C and 0.11 MPa of pressure for 15 min. 1 ml of free or microencapsulated enzymes buffer contained suspensions was added at each tube with soil. Moreover, systems with enzymes at 10 and 20 µg ml -1 were mixed at proportion 1:1 to obtain finally 5 or 10 µg ml -1 . 1 ml of these mixtures also was added in the tubes with soil.
Next assay was performed using chemical fungicide (thiabendazole) solution added to the soil at final concentration of 6 µg (g -1 soil) followed by addition of 1 ml of free or microencapsulated enzymes solution at 5 or 10 µg ml -1 . Control assays were carried out using soil without treatments, adding 1 ml of acetate buffer at pH 5.4, as well as using 1 ml of liposomes suspension prepared without enzymes or with thiabendazole at 6 or 12.5 µg g -1 soil without enzyme additions. All enzyme and fungicide concentrations were chosen based on results obtained previously (Joublanc et al., 2010; Cano-Salazar et al., 2011) for in vitro testing in agar contained systems.
All tubes were inoculated with 1 ml of F. oxysporum suspension obtained from a 12 day old culture, which showed the sporulation evidence, to achieve 1.3 x 10 5 CFU g -1 soil. Immediately after tube inoculation, enzymatic activity, as well as fungus growth, was evaluated. The same measurements were carried out after tube incubation at 25°C on the 20th, 30th and 40th day.
Chitinase activity was quantitatively determined by colorimetric assay, measuring the p-nitrophenyl group of p-nitrophenyl-β-D-Nacetyl-glucosamide used as substrate (Cano-Salazar et al., 2011; . To measure enzymatic activity, one tube prepared as described above, was applied, performing three replicates for each incubation time. A typical enzyme reaction mixture contained: 1 ml of 0.5 mM solution of substrate in 0.1 M sodium acetate buffer, at pH 5.5, 4.5 ml of the same buffer and soil containing enzyme. After incubation at 37°C for 100 min, the reaction was stopped by adding 5 ml of 1 M Na2CO3. The reaction time was selected based on previous assay, which demonstrated the lineal kinetic response for at least 150 min. The mixture was centrifuged at 3000 g for 15 min at 0°C. The supernatant was examined spectrophotometrically at 405 nm in order to monitor the release of pnitrophenol. One unit (U) of enzyme activity was defined as the amount of enzyme that catalyzes the release of 1 μmol of pnitrophenol per min at 37°C.
The laminarinase (β -1,3-glucanase) activity was measured according to the method of Singh et al. (1999) , using 10 mg ml -1 laminarin from Laminaria digitata as substrate. The reaction mixture of laminarinase contained: 1 ml of substrate solution in 0.1 M sodium acetate buffer, pH 5.5, and soil with laminarinase. The reaction was carried out at 40°C and stopped by the introduction of tube to the boiling water for 10 min. In independent assay it was observed that product concentration varied linearly with time for at least 30 min. In each experiment, replicate time zero measurements were compared with replicate measurements at two other times, usually at 12 and 24 min. A boiled enzyme control was run in parallel. No increase in reducing sugar was observed in the boiled enzyme control. Soil was separated by centrifugation under the same conditions described above. Laminarinase activity was determined spectrophotometrically at 500 nm by measuring the release of reducing sugar using Somogyi-Nelson method (Nelson, 1944; Cano-Salazar et al., 2011; Pérez-Molina et al., 2011) . One unit (U) of laminarinase activity was determined as 1 μmol of glucose released per min at 40°C.
All enzyme activities were calculated by averaging three values obtained from at least two different experiments.
Fungus growth was evaluated as CFU g -1 soil by means of standard technique (Madigan et al., 2003) using consecutive soil dilutions in peptone water up to 1:10000. Three replicates for each incubation time (0, 20, 30 and 40 days) were carried out, using one tube prepared as described above for each measurement. 1 ml of these dilutions was added to Petri dish with potato-dextrose agar. Petri dishes were incubated at 25°C for 48 or 72 h previous to colonies quantification. All assays were carried out twice using three repetitions. Results were analyzed by the Tukey's test at 5% significance.
Ad planta assay with tomato crops (L. esculentum Mill) and Fusarium oxysporum
Enzymes microencapsulation was carried out as described above. According to applied treatments, ad planta assay was carried out in 7 groups of plants using 10 replicates in each group. Different treatments which included encapsulated enzymes were applied: a) the mixture of laminarinase and chitinase at 10 µg g -1 soil and 5 µg g -1 soil, respectively; b) immobilized laminarinase at 10 µg g -1 soil with thiabendazole at 6 µg g -1 soil, and c) immobilized chitinase at 10 µg g -1 soil in presence of thiabendazole at the same concentration; d) assays with thiabendazole at 12.5 µg g -1 soil and e) with liposomes without enzyme were carried out; f) control inoculated and g) control not inoculated with F. oxysporum and treated with the buffer without additional substances were performed. Thus, seven different groups of plants were employed with 10 plants in each group.
Tomato seedlings (L. esculentum Mill) were grown according to conventional techniques (Montealegre et al., 2009 ). Seeds of tomato were germinated in sterilized commercial compost in a growth cabinet (photoperiod was 14 h; light intensity at plant level 250 µmol m -2 s -1 , temperature 28/22°C and relative humidity 70 %) for 14 days. Then, they were transplanted into previously sterilized 30 g of the soil/peatmoss mixture (weight ratio 1:1) using as substrate for plant growth. Before seedlings transplantation, the treatments, fungus inoculum or buffer in the case of controls, were added consecutively and mixed to achieve a uniform mixture. The corresponding treatments were added at total volume of 15 ml to reach the mentioned final concentration. The pots were inoculated with 15 ml of F. oxysporum conidia suspension to achieve 3 x 10 5 CFU g -1 soil. The pots were kept at random complete block (10 plants in each block) under controlled greenhouse conditions [controlled range of temperature: 20°C (minimum) and 30°C (maximum); 12 h natural light; irrigation was applied every third day].
Applying the techniques described above, enzymatic activities of both enzymes were monitored, using samples taken from pots (1 g per trial). Samples were extracted randomly from ten different points of each pot at different depth to obtain the requested weight. Fungus growth was determined by means of CFU g -1 soil monitoring as described above. Parameters were evaluated immediately after transplanting and on each 7 th day for 28 days. The number of dead plants was taken in account in the same periods, as well as the increase of plant longitude (in cm), that is difference between the initial value and measured value. On the 28th day, the plants were pulled out for visual evaluation of roots for the fungus presence.
The results were analyzed by an analysis of variance (α = 0.01) using the statistical program (SAS, version 9).
RESULTS

Enzymatic and antifungal activity of free and microencapsulated laminarinase and chitinase in soil testing
To evaluate the effect of applied treatments to fungus growth, the quantity of colony forming units (CFU) was estimated by means of standard microbiological technique.
The results of control tests and assays with enzymes independently added to soil are presented in Table 1 . Values of CFU g -1 soil and percentages of inhibition in comparison with untreated control are shown. By comparing CFU g -1 soil detected in untreated control and samples treated with free and immobilized enzymes, it has been demonstrated that the enzymes addition led to decrease fungus proliferation that was expressed in lower values of CFU g -1 soil. Moreover, liposome addition led to decrease fungus growth in comparison with untreated control. Fungistatic character of applied treatments was observed: an inhibiting effect upon the growth and reproduction of fungus without its total destruction. By increasing the enzyme concentration, the higher percentage of fungal growth inhibition was achieved. Free and immobilized laminarinase controlled fungus growth only at 10 or 20 µg ml -1
, while chitinase applied at 5 µg ml -1 also produced inhibitory effect. The effect was greater with microencapsulated chitinase than free enzyme, while it was not observed in the case of laminarinase. The effect of microencapsulated enzymes was greater than that observed in the presence of liposomes only that it indicated their antifungal activity against F. oxysporum. Table 1 also shows the results obtained in assay with mixtures of free and microencapsulated enzymes. Similar effect was observed in assays performed with enzymes added individually; however, the mixtures of enzymes with less levels of CFU g -1 soil are shown. Thus, strong inhibition of F. oxysporum growth was detected in some cases. In the presence of laminarinase and chitinase mixture added at 10 and 5 µg ml -1 , respectively, the greater inhibition characterized by decreasing of initial value of CFU was observed. Detected levels of CFU were lower than that obtained in assay performed with individually applied enzymes and control (Table 1) . Table 2 shows the activity of free and microencapsulated chitinase and laminarinase applied at different concentrations in soil. Effects of microencapsulation in order to reduce enzyme activity and increase enzyme stability were observed.
The results corresponding to assay performed in presence of thiabendazole are shown in Tables 1 and 3 . The enzyme addition led to greater inhibition of F. oxysporum growth. The greater inhibition was observed in the presence of 10 µg ml -1 of microencapsulated chitinase, as well as laminarinase. Each mixture produced fungicidal effect detected at 30 th day of assay. The effect of free enzyme applied in the presence of thiadendazole was slightly lower than of microencapsulated enzyme. This difference may be related to an inactivation of enzymes in the presence of chemical fungicide (Table 3) . Free enzymes were inactivated after 40 days. The initial activity of chitinase in soil was greater than those of free enzyme activity that demonstrated an inhibitory effect of chemical fungicide (Table 3) . Initially, free laminarinase was more active than microencapsulated preparation but drastically lost its activity in the next days of assay.
Ad planta assay with tomato crops (L. esculentum Mill) and Fusarium oxysporum
The treatments applied in assay with tomato plants (L. esculentum Mill) under ad planta assay conditions were selected based on results obtained in the assays described above. Moreover, four controls were also carried out. Table 4 describes the results of plants viability during the assay. The greater number of dead plants was detected on untreated group grown on substrate infected with F. oxysporum. Two plants died after 14 days of assay in the non-infected control; this fact may be related to some alteration of seedlings during their transplantation. A similar situation was observed in the case of plant groups treated with thiabendazole and microencapsulated enzymes. Dead plants did not present symptoms of fusariosis (severe chlorosis, root alteration by fungus, etc.). Thus, this effect may be attributed to mechanical alteration during transplantation and not to fungus effect. Three other groups did not have dead plants.
The group of plants grown on substrate infected with F. oxysporum lost 90% of its population due to fungus attack. Damage at the roots caused by fungus was observed in all dead plants of this group. In blocks corresponding to other treatments dead plants did not exhibit fungus presence at the roots (Table 4) . Statistical analysis of F. oxysporum growth is presented in the Figure 1 . The results demonstrate that all treatments allowed controlling of CFU g -1 soil. The best results were obtained with thiabendazole at 12.5 µg g -1 soil and at 6 µg g -1 soil in presence of chitinase microencapsulated in liposomes at 10 µg ml Results describing change in chitinase and laminarinase activities during assay are presented in Figure 2 . Similar tendencies were detected on all studied cases: activity maintained at initial level for the first 14 days followed by its decrease in next two weeks. Statistical analysis corresponding to increase of plant longitude (Δ L) during assays is presented in Figure 3 . The growth of plants under treatments with liposomes without enzyme, with thiabendazole at 6 µg g -1 soil in presence of laminarinase microencapsulated in liposomes at 10 µg ml -1 and with thiabendazole at 12.5 µg g -1 soil was greater than in the case of non-treated and non-infected control. At the case of non-infected control group, plants grown on infected substrate, treated with thiabendazole and microencapsulated chitinase as well as with mixture of chitinase and laminarinase immobilized in liposomes at 5 and 10 µg ml-1, respectively, demonstrated a similar trend of growth. The lowest growth was detected on infected group without treatments. Moreover, only 10% of infected plants without treatments survived at the end of assay (Table 4) which indicated a positive effect of microencapsulated enzymes applied Table 2 . Activity of free and microencapsulated chitinase and laminarinase applied at different concentrations in soil. (As 100% the value of the first measurement was taken in account. The standard deviations were no greater than 5% of average). in different treatments, and protection of tomato plants (L. esculentum Mill) against phytopathogenic fungus F. oxysporum.
Concentration
DISCUSSION
An inhibiting effect to fungus growth (fungistatic effect) of Time (days) Figure 1 . Statistical analysis of Fusarium oxysporum CFU g -1 soil during ad planta assay performed with different treatments: (1) control without treatment; (2) thiabendazole at 6 µg g -1 soil in the presence of chitinase microencapsulated in liposomes at 10 µg ml -1 ; (3) liposomes without enzyme; (4) mixture of chitinase and laminarinase immobilized in liposomes at 5 and 10 µg ml -1 , respectively; (5) thiabendazole at 6 µg g -1 soil in the presence of laminarinase microencapsulated in liposomes at 10 µg ml -1 ; (6) thiabendazole at 12.5 µg g -1 soil. Top, -kinetic presentation; bottom, -average presentation (Statistical program SAS, version 9).
both enzymes applied separately and together as well as the treatment with liposomes only was demonstrated in in vitro and ad planta assays. Ad planta assay with tomato crops (L. esculentum Mill) and F. oxysporum also demonstrates fungistatic effect of enzymatic treatments, stabilization of enzyme activity by means of immobilization in liposome as well as plant growth promotion due to capacity to protect the plants against phytopathogenic fungus. Reports of in vitro and in vivo tests (Adler-Moore and Proffitt, 2002; Chaize et al., 2004) about interactions of liposomes, as carriers of diverse treatments, with different type of cells have shown that the predominant interaction of vesicles with cells is either simple adsorption or subsequent endocytosis. Fusion with cell membranes is much rarer. Other possible interaction is between phospholipids constituents with components of fungus cell membranes. In the studied case, it was possible that integrity of liposome is disrupted when it binds to the fungal cell wall that led to enzyme liberation for polysaccharides fungi cell hydrolysis (Adler-Moore and Proffitt, 2002; Chaize et al., 2004) . Moreover, enzyme located on the liposome surface can recognize its substrate Time (days) Figure 2 . Statistical analysis of enzymatic activity changes during ad planta assay corresponding to: L, laminarinase activity (10 µg ml -1 immobilized in liposomes) in the mixture with chitinase; Ch, chitinase activity (5 µg ml -1 immobilized in liposomes) in the mixture with laminarinase; L-T, laminarinase activity (10 µg ml -1 immobilized in liposomes) in the presence of thiabendazole at 6 µg g -1 soil; Ch-T, chitinase activity (10 µg ml -1 immobilized in liposomes) in the presence of thiabendazole at 6 µg g -1 soil (Statistical program SAS, version 9).
Time (days)
Figure 3. Statistical analysis of plant (Lycopersicon esculentum Mill) longitude increase during assays performed with different treatments: (1) control without Fusarium oxysporum and treatments addition; (2) control inoculated with F. oxysporum without treatment; (3) thiabendazole at 12.5 µg g -1 soil; (4) mixture of chtitinase and laminarinase immobilized in liposomes at 5 and 10 µg ml -1 , respectively; (5) thiabendazole at 6 µg g -1 soil in the presence of chitinase microencapsulated in liposomes at 10 µg ml -1 ; (6) liposomes without enzyme; (7) thiabendazole at 6 µg g -1 soil in the presence of laminarinase microencapsulated in liposomes at 10 µg ml -1 (Statistical program SAS, version 9).
to interact with it. The obtained results differed from the observation on the previous study performed with F. oxysporum in agar, where radial fungus growth was measured to evaluate effect of each treatment. Soya lecithin multilamellar vesicles (MLVs), obtained in our previous studies (Pérez-Molina et al., 2011; , were stable for more than 20 days. Antifungal effect was studied in vitro by means of monitoring of radial growth of F. oxysporum on potato dextrose agar (PDA). The test was performed with and without free and immobilized enzymes, their mixtures, as well as with and without thiabendazole. Although the antifungal effect of the individual enzymes decreased after microencapsulation, the synergistic effect of enzymes mixture allowed a total inhibition of fungal radial growth. It was demonstrated that the use of free or microencapsulated laminarinase and chitinase led to reduced level of chemical fungicide from 2.5 to 1.25 mg ml -1
. Complete inhibition of fungal growth was observed with 1.25 mg ml -1 of thiabendazole and free or immobilized enzymes at 10 µg ml -1
. Microencapsulation in phospholipid vesicles did not modify system heterogeneity and allowed enzyme mobility unlike immobilization on solid supports (Wang and Chio, 1998; Cano-Salazar et al., 2011) . It worth to mention that the significant effect to radial growth of F. oxysporum in the presence of laminarinase and chitinase independently added in agar media was observed only in the case of free enzymes (Joublanc et al., 2010; Cano-Salazar et al., 2011) . Microencapsulated enzymes inhibited the growth only partially in the first few days of kinetics. Results obtained in assays carried out in soil demonstrated fungistatic effect of both enzymes preparations, which is more pronounced in the presence of higher enzyme concentrations.
Low fungistatic effect was observed in assay carried out with liposomes without enzymes. This result is consistent with some other reports (James et al., 2003; Ment et al., 2010) that discussed similar effect on other fungi types and with other lipid extracts. In our previous study (Joublanc et al., 2010; Cano-Salazar et al., 2011) , soya lecithin addition in agar did not present an inhibition activity over F. oxysporum radial growth. The difference between effects observed in agar and in soil may be explained by considering the inoculation technique and detected parameters. In the study performed with agar, the radial fungus growth was detected, therefore the agar portion with fungus culture of 12 day old was applied for inoculation (Joublanc et al., 2010; Cano-Salazar et al., 2011) . In the present study, inoculation was performed by means of conidia application and CFU was measured. Moreover, on agar, the fungus has contact with agar contained lipids from one side (two dimensional). Hyphae direct on the agar surface are more hampered by the treatment than the hyphae on top. In soil, the fungus is surrounded by the enzymes or liposomes (three dimensional), so there is no growth of the fungus possible and a fungistatic effect is detectable. Thus, obtained results lead to suggestion that lipids can control the fungus conidia growth in soil. This explains the greater or similar inhibition of fungus growth in the presence of microencapsulated chitinase and laminarinase, respectively, in comparison with free enzyme, although the initial activities of free enzymes were greater than microencapsulated preparations ( Table  2) . Effect of microencapsulation in order to reduce enzyme activity was described by previously (Cano-Salazar et al., 2011; Pérez-Molina et al., 2011; . It is related to enzyme localization inside or on the surface of liposomes that probably could be modified in the soil presence due to system heterogeneity and various interactions. Once encapsulated, the permeability barrier of lipid membrane drastically diminishes activity of the enzyme entrapped into the liposome by reducing the entrance rate of substrate molecules and then reducing substrate concentration inside of liposome. Electrostatic interactions of lipids with soil ions and osmotic force led to increase membrane fluidity and permeability that might be reflected on enzyme entrapment and activity (Colletier et al., 2002) .
Moreover, enzymatic activity increased with rising enzyme concentration which might explain the greater inhibitory effect. Difference between free and microencapsulated enzyme activities decreased during the assay, possibly due to greater storage stability of enzymes immobilized in soya lecithin liposomes (Table 2) . Furthermore, activity loss on the last days of assay showed increase fungus growth degree (Table 1) in comparison to values detected in earlier days.
Remaining activity of microencapsulated enzymes was superior to free enzymes (Table 2) . It may be reviewed as a higher enzymatic stability under storage in soil. In our previous study, we demonstrated that microencapsulation stabilized chitinase but not laminarinase during their storage in buffer suspension (Cano-Salazar et al., 2011; Pérez-Molina et al., 2011; . Soil with grown fungus is a different environment from aqueous media, which contains diverse factors (salts, fungus proteases, pH, etc.) affecting enzyme stability. Microencapsulation of chitinase and laminarinase protects the protein active structure from these factors. Similarly to previous study (Cano-Salazar et al., 2011) , the effect was higher in the case of chitinase than laminarinase. Chitinase was active at 40 th day independently to its concentration, while laminarinase had activity at 40 th day only in the case of preparation obtained with 20 µg ml -1 . Thus, enzyme encapsulation into liposomes is a promising technique to stabilize and prevent them from denaturation and proteolysis; that also was demonstrated by using acetylcholinesterase, which is the main target for pesticides (Chaize et al., 2004) .
The results obtained with enzymes mixtures (Table 1 ) are in accordance with the findings of a previous study performed with agar contained system (Cano-Salazar et al., 2011) , where a synergic effect of enzymes on fungus growth was demonstrated.
This fact suggests a complex action from these enzymes to hydrolyze substrates of fungus cell walls. A simultaneous activity of -1,3-glucanase along with chitinolytic enzymes has also been reported for Gliocladium virens. A concurrent action of both enzymes is biologically relevant, because their substrates are presentin fungus cell wall, which is hydrolyzed accompanied by decrease of its growth. Mauch et al. (1988) also reported that a mixture of chitinases and -1,3-glucanase from pea tissues was significantly more effective against several phytopathogenic fungi than either of these enzymes used individually. Our results also are in agreement with the findings of Lorito et al. (1993) , which indicated that mixtures of hydrolytic enzymes with a complimentary mode of action may benefit an organism by improving its antifungal activity through mycoparasitism or survival in an antagonistic environment.
The results corresponding to assay performed in the presence of thiabendazole (Tables 1 and 3 ) agree with observations in agar tests. Just as in the previously reported test in vitro (Joublanc et al., 2010; Cano-Salazar et al., 2011) , with thiabendazole applied at 12.5 µg ml -1 the fungicide effect was observed, while at 6 µg ml -1 , the effect was lower, and enzymatic treatments led to fungicide effect under lower thiabendazole concentration. The use of microencapsulated enzymes has advantages in comparison to free enzyme application due to their greater enzyme stability as well as higher inhibitory effect on F. oxysporum growth. Moreover, enzyme application allowed the reduction of chemical fungicide level and allowed to reach total inhibition of fungus viability. The use of the mixture of enzymes immobilized on liposomes leads to potent inhibition of the fungus growth (Table 1) .
Probably, with increase of immobilized enzymes dose, thiabendazole application can be reduced even more.
From the previously displayed results, it could be concluded that chitinase and laminarinase may be useful for control of phytopathogenic fungus F. oxysporum. Immobilization protects the enzymes against environmental factors of soil. Stability of microencapsulated enzymes was increased even in presence of chemical fungicide thiabendazole. Enzyme application allows decreasing chemical fungicide level, as well as total inhibition of fungus growth. Soya lecithin liposomes affected fungus conidia viability. Thus, it confirmed the idea regarding the use of free or encapsulated (in soya lecithin liposome) mycolytic enzyme for the control of some pathogens. This finding may provide alternative means of reducing dependency on synthetic chemical fungicides.
